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■ SUMMARY 

In order to compare the ant ikn ock effect iveness of N-methyl- 
anlllne and xylidlnes as fuel additives under severe engino operating 
conditions, 5-percent concentrations "by weight were blended with an 
alkylate blending agent and a virgin- base gasoline. The N-methyl- 
aniline was also blended In a 5-percent concentration with a base 
fuel containing 75 percent (by weight) virgin-base gasoline and 
25 percent toluene. All blends contained 4 ml TEL per gallon. The 
knock-limitod performance of each of these aromatic-amine blendB 
was compared with the knock-limited performance of the leaded base 
fuels in an air-cooled aircraft-engine cylinder. As a fuel anti- 
knock additive, N-methyl. aniline was eq.”.al to or better than xylidlnes. 
Neither N-methylanillno nor xylidlnes is of value as a fuel antiknock 
additive in the lean-mixture region. 


INTRODUCTION 

Engine tests to determine the antiknock effectiveness of 
selected groups of research fuels are being conducted at the NACA 
Cleveland laboratory. As part of this program, N-methylaniline and 
xylidlnes when blended with an alkylate blending agent and a virgin- 
base gasoline wore tested In an air-cooled aircraft- engine cylinder 
to compare under severe engine operating conditions their antiknock 
effectiveness. The results of these tests ’and also tests of a blend 
containing N-methylaniline, virgin-base gasoline, and toluene are 
reported herein. All fuels tested contained tetraethyl lead. 

FUELS 

The two aromatic amines were blended with each of two base 
fuels before being tested. A fifth blend of N-methyl aniline and 
75 percent virgin-base gasoline and 25 percent toluene was tested. 
The composition of the test fuels are given in the following table: 
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Aromatic amine 

Aromatic 
amine In 
blend (by 
weight) 
(percent) 

Base fuel 

Tetra- 
ethyl 
lead in 
blend 
(nl/gal) 

N-Me t by lanil lne 

5 

Virgin-base gasoline 

4 

N -Me t hylanil ine 

5 

Alkylate blending agent 

4 

N-Methylaniline 

5 

75 percent virgin-base 
gasoline plus 25 per- 
cent toluene (by weight) 

4 

Xylidin.es 

5 

Virgin- base gasoline 

4 

Xylidines 

5 

Alkylate blending agent 

4 


AEPAMTUB AND PROCEDURE 

Teats were conducted with a full-scale aircraft-engine cylinder 
mounted on a CUE crankcaso. The apparatus Is described in detail in 
reference 1. The most Important alteration to the apparatus des- 
cribed In reference 1 is the installation of a thermocouple embedded 
in the cylinder head about one-sixteenth inch from the combustion- 
chamber wall at the exhaust end zone. An automatic potentiometer 
regulator was attached to this thermocouple and controlled the 
cooling-air flow to maintain the temperature constant at the thermo- 
couple . This alteration ras found desirable because previous tests 
had indicated that better reproducibility of the knock limit, partic- 
ularly in the lean region, was obtained when the temperature of the 
cylinder wall at the point nearest the knocking zone was held constant. 

The exhaust system of the test setup was also modified so that 
the engine could be oporated with oither atmospheric or reduced 
exhaust pressure. 

The fixed engine operating conditions were: 


Compression ratio . 7.46 

Engine speed, rpm 2000 

Condition of fuel-air mixture Prevaporized 

Inlet-mixture temperature, °F ... 240 

Spark advance, both plugs, degrees B.T.C 20, 50 

Cooling-air tonrperatu re, °F 90 ±5 

Oil pressure, pounds per square inch 65 

Oil- in temperature, RE 185 

Cylinder-head temperature at exhaust end zone, °F 350 

Exha ust back pressure, inches mercury absolute 15 ±0,2 
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The exhaust pressure of 15 Inches of mercury was chosen heoause 
of the existence of a orltloal relation between manifold and exhaust 
pressures end knock-limited power In the lean region where the mani- 
fold pressure is not very different fran. the exhaust pressure. 

Complete mixture response curves were obtained for the test 
fuels at spark advances of 20° and 30° B.T.C. 


DISCUSSION OB’ RESULTS 

The results of the tests are presented in figures 1 to 5 and 
table 1. Figures 1 and 2 compare the knook-llmited performance of 
the amine and virgin-base blends at spark advances of 20° and 
30° B.T.C,, respectively. These figures show that at a spark 
advance of 20° B.T.C., the N-methylanliine increased the knock 
limit of virgin-base gasoline at fuel-air ratios above 0.067 where- 
as the xyli. dines increase the performance only at fuel-air ratios 
above 0.09. 

At the more severe condition (spark advance, 30° B.T.C.), the 
N-methylanlilne improved the knock-limited performance of virgin- 
base gasoline above a fuel-air ratio of 0.095; xyli. dines improved 
the base-fuel performance above a fuel-air ratio of 0.106. 

The behavior of the and alkylate blends (figs. 3 and 4) 

was similar to that of the amine and virgin-base blonds differing 
only in the fuel-air ratios at which performance improvement began 
and in the magnitude of the Improvement. The improvement in power 
caused by the addition of either amine was greater in the alkylate 
blends than in the virgin-base blends. In all cases examined the 
blend containing N-methylan.il lne was equal to or greater than the 
xylidine blond over the entire mixture range. 

The gain or loss in power of the base fuel due to the addi- 
tion of the amines Is Indicated by the data in table 1. 

The addition of toluene to the virgin-base gasoline (fig. 5) 
had little or no effect an the improvement due to the addition of 
N-methylanlline. These data are included in table 1 for compari- 
son with other tests. 




(a) Vlrgln-baae |»«ol I at flat 4 *1 TEL par gallon (b) Virpin-baaa gaaolina plat 4 al TEL par gallon 

and virgin-baaa gaaolina plas S parcant n-aathyl- and virgin-baaa gaaolina plaa S parcant xylidina* 

aniline plaa 4 al TEL par gallon. ala* 4 al TEL par gallon. — 

Figaro I. - Knock-1 iaitad performance of virgin-baao feel blend* at tpark advance of 20° B.T.C. ob- • 

tained on fuil-ccale aircraft-engine cylinder. Coapreaaion ratio, 7.46; engine apead, 2000 rpa; 
inlet-aixtura temperature, 240° F; cylinder-head teeperature at exhauat end zone, ISO 0 F. ” 
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Knock-I Iftt t«d I sap, lb/ag in. life, lb/hp-hr 



and virgin-base gasoline plus 5 percent N-methy|- and virgin-base gasoline plus 5 percent xylidlnes 

aniline plus 4 *1 TEL per gallon. plus 4 ml TEL per gallon. 

Figure 2. - Kn^ck-I im i ted performance of virgin-base fuel blends at spark advance of 30°-B,T.C. ob- 
tained on full-scale aircraft-engine cylinder. Compression ratio, 7.46; engine speed, 2000 rpm; 
inlet-mixture temperature, 240° F; cylinder-head temperature at exhaust end zone, 350° F. 
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Figere 3. - Knock- I iaited perforaance of alkylate fuel blende at apark advance of 20° B.T.C. obtained 
on full-scale aircraft-engine cylinder. Coapreaaion ratio, 7.H6; engine apeed, 2000 rpa; inlet- 
•iitere teaperature, 240° F, cylinder-head tsaperature at exhauat end zone, 350° F. 
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o 7S percent virgin-base gasoline 

♦ 25 percent toluene * » ml TEl/Qel 
Q (75 percent virgin. base gasoline 

1 IS gereant toluene) witn (5 percan 
R-aeihy I a n j I i n* ♦ « el Hl/gal) 






Fuel-air ratio 

(a) Spark advance, 20° B.T.C. (b) Spark advance, 30° B.T.C. 

Figure 5. - K nock- 1 in i ted performance of blends of virgin-base gasoline plus toluene and virgin-base 
gasoline plus toluene plus 5 percent N-methy I an i I i ne obtained from full-scale aircraft-engine 
cylinder. Both fuels contain 4 ml TEL per gallon. Compression ratio, 7.16; engine speed, 2000 rpm 
inlet-mixture temperature, 240° F; cylinder-head temperature at exhaust end zone, 350° F. 
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